CONVERSION FACTORS, ABBREVIATIONS, AND ACRONYMS
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INTRODUCTION
The upper Alamosa River Basin is a heavily mineralized area in the San Juan Mountains of southwestern Colorado ( fig. 1 ). Metal contamination of streams has occurred for decades from the Summitville Mine site, from other smaller mines, and from natural metal-enriched acidic drainage in the basin (Walton-Day and others, 1995) . Mining activi-ties have occurred intermittently in the Summitville area since the late 1800's. Large-scale open-pit mining began at the Summitville Mine site in the mid-1980's and continued until the mine site was abandoned in late 1992 (Plumlee and Edelmann, 1995) . As a result, the State of Colorado requested the U.S. Environmental Protection Agency (USEPA) to assume sitemaintenance responsibilities under the emergency response provisions of Superfund. Since 1992, the site has undergone substantial waste-pile consolidation, runoff rerouting, water treatment, and reclamation. In 1998, the Colorado Department of Public Health and Environment (CDPHE) assumed shared site responsibility of the Summitville site with the USEPA (Plumlee and Edelmann, 1995) .
In 1995, the initial ecological risk assessment of the Summitville Superfund site identified multiple data gaps in the available data for the site (Morrison-Knudsen Corp., 1995) . The data gaps included, but were not restricted to, the characterization of background water-quality conditions in the basin, characterization of other stressors, such as storms, on the river, and characterization of exposure levels to aquatic and terrestrial biota. As a result, the U.S. Geological Survey (USGS) developed a comprehensive sampling analysis plan to help address some of the data gaps (Edelmann and Ortiz, U.S. Geological Survey, written commun., 1995 and 1997) . Between 1995 and 1997, data collection included the operation of several instantaneous streamflow stations and water-quality monitors, and periodic water-quality sampling at several sites in the Alamosa River and Wightman Fork, including numerous tributaries to the Alamosa River. These collected data were used to address the data gaps. Information in this report will be incorporated in the draft Tier II Summitville Ecological Risk Assessment (Camp Dresser and McKee Inc., 1999) to help address background waterquality conditions in the basin and exposure risk to aquatic biota.
Purpose and Scope
The purpose of this report is to characterize the water quality of selected tributaries to the Alamosa River. The available data are summarized to provide a general overview of the water quality at 12 tributary sites. The data also are compared to Colorado instream water-quality standards for pH, copper, iron, and zinc. In addition, the data are compared to toxicological reference values (TRVs) to determine if aquatic life is at risk from acute or chronic exposure to low-pH water or elevated concentrations of copper, iron, or zinc.
Description of the Study Area
The upper Alamosa River Basin is located in southwest Colorado ( fig. 1 ). Elevations in the study area range from 8,400 feet to nearly 13,000 feet above sea level. Annual precipitation ranges from approximately 12 inches at the lower elevations to as much as 40 inches at the top of the highest peaks (Miller and McHugh, 1994) . Most of the precipitation is in the form of snowfall.
The study area extends from the headwaters of the Alamosa River to just above Terrace Reservoir and has a drainage area of approximately 110 square miles (Stogner, 1996) . Several areas in the basin are hydrothermally altered and contain sulfide minerals and precious metals. Runoff from mined areas and undisturbed altered areas can adversely affect the water quality in the basin.
Low-pH water with high concentrations of trace metals from the Summitville Mine site adversely affects Wightman Fork and the Alamosa River downstream from the confluence with Wightman Fork (Walton-Day and others, 1995) . The Alamosa River also receives drainage from several tributaries draining the Stunner and the Jasper hydrothermally altered areas ( fig. 1 ). Many other small tributaries flow into the Alamosa River along the 14-mile reach from the confluence of Wightman Fork to Terrace Reservoir. Most of these tributaries do not drain hydrothermally altered areas.
METHODS OF INVESTIGATION
Water-quality data were collected at selected tributary sites by the USGS from 1995 through 1997 (table 9, in the Appendix at the back of report). The samples were collected as described in the sample analysis plan for the study (Edelmann and Ortiz, U.S. Geological Survey, written commun., 1995 and 1997) . Additional data collected by the USGS in October 1998 and June 1999 were used to support data-analysis approaches (Kirk Nordstrom, U.S. Geological Survey, written commun., 1998) . These data were collected in conjunction with geochemical modeling efforts in the Alamosa River Basin. A description of the various approaches and uses of the data follows.
Data-Collection Methods
Water-quality samples were collected from 12 tributaries to the Alamosa River from April 1995 through October 1997. The tributaries (in downstream order) were Iron Creek, Alum Creek, Bitter Creek, Wightman Fork, Jasper Creek, Burnt Creek, Spring Creek, Fern Creek, Castleman Gulch, Silver Creek, Lieutenant Creek, and Ranger Creek ( fig. 1 ). The level of sampling included various sampling frequencies and different constituent lists for many of the tributaries (table 1) . Sites sampled at a frequency of seven to nine times per year were accessed throughout the year and represented all flow regimes in the basin; these sites drain hydrothermally altered areas and will be referred to as "Group 1 sites" (table 1) . Sites sampled at a frequency of four to five times per year generally were sampled between May and September and drained unaltered areas; these sites will be referred to as "Group 2 sites" (table 1). Samples collected during storm events in the basin also are included in this report. Typically, the storm data are limited to total-recoverable metal analyses from Group 1 sites.
The analytes of concern in this report are pH, copper, iron, and zinc. These analytes are consistent with the constituents of concern (COC) described in the draft Tier II ecological risk assessment; cyanide was identified as a COC but no data were available for comparison (Camp Dresser and McKee Inc., 1999) . In addition, aluminum is not addressed in this report because no instream standards are applicable. Dissolved calcium and magnesium data collected in 1998 and 1999 at selected tributary sites are used to estimate hardness at six of the sites sampled from 1995 to 1997.
Data-Analysis Methods
The availability of water-quality data differed from site to site. Dissolved metal and anion data were not collected at Spring Creek, Fern Creek, Castleman Gulch, Silver Creek, Lieutenant Creek, and Ranger Creek (table 1) . In addition, a high percentage of the total-recoverable copper and zinc data for these Group 2 sites were reported as censored values (less than the analytical reporting limit). In addition, comparisons of water-quality data to instream standards and TRVs differ depending on the use of aggregated or instantaneous data, stream reach in question, and aquatic biota of concern. In many cases, comparisons were site specific and various assumptions were required to adequately address the comparisons to instream standards or TRVs. The following sections describe the methodology used to address the various data concerns.
Estimation of Hardness for Selected Sites
Hardness is an integral component of many instream water-quality standards and TRVs. Dissolved calcium and magnesium concentrations are needed to calculate hardness (Hem, 1985) . These data were not available for Group 2 sites during 1995-97 (table 1) . These sites were designated as miscellaneous water-quality sites and, as such, were sampled less often and only for total-recoverable metals (Edelmann and Ortiz, U.S. Geological Survey, written commun., 1995 and 1997) . However, water-quality samples collected at these same sites in October 1998 and June 1999 included dissolved calcium and magnesium analyses (Kirk Nordstrom, U.S. Geological Survey, written commun., 1998) . A comparison of the waterquality data collected from 1995 to 1997 and the data collected in 1998 and 1999 indicated that all six sites were similar in respect to pH, specific conductance, and metal concentrations. Since no substantial changes in land use had occurred along these six tributaries between 1995 and 1999, it was assumed that the hardness values in 1998 and 1999 are representative of hardness values from 1995 through 1997. Hardness values for Spring Creek, Fern Creek, Castleman Gulch, Silver Creek, Lieutenant Creek, and Ranger Creek in October 1998 and June 1999 were grouped, and a regression equation was developed using specific conductance to predict hardness Dissolved-metal data are commonly used to define instream standards and TRVs. As described in a previous section, dissolved-metal data were not available for Spring Creek, Fern Creek, Castleman Gulch, Silver Creek, Lieutenant Creek, and Ranger Creek (table 1). It was assumed, however, that dissolved copper and zinc concentrations would constitute a large percentage of the total-recoverable metal fraction in these near-neutral-pH waters with little or no observable suspended-solid material. As such, a decision was made to compare dissolved copper and zinc standards to total-recoverable copper and zinc concentrations when no dissolved-metal data were available. This approach provided a conservative (worst case) approximation of the dissolved-metal concentration at these six sites.
The assumption stated above is not valid for iron concentrations in near-neutral water because dissolved iron concentrations generally are a small percentage of the total-recoverable concentrations. Therefore, a decision was made to apply a conversion factor to the available total-recoverable iron data collected at all Group 2 sites during 1995-97. This was accomplished by computing dissolved to totalrecoverable iron ratios for all paired data collected in 1998 and 1999 at each of the six sites. The computed ratios ranged from 0.05 to 0.39 with a median of 0.16. The median ratio was then used as the conversion factor and was applied to all total-recoverable iron data collected at the six sites during 1995-97. The estimated dissolved iron concentrations were only used for comparisons to standards.
Use of Censored Data
A large percentage of the total-recoverable copper and zinc data for Spring Creek, Fern Creek, Castleman Gulch, Silver Creek, Lieutenant Creek, and Ranger Creek were reported as less than the analytical reporting limit. Helsel and Hirsch (1992) describe several methods to estimate summary statistics when data include censored values. The approach used in this report was to compare censored water-quality data to instream standards and TRVs using the reporting limit as the estimated concentration. This methodology produced a conservative (worst case) estimate of the metal concentration.
Copper data collected during August and September 1995 at Group 2 sites (table 1) were not compared to instream standards and TRVs because the reporting limits were affected by multiple dilutions of sample aliquots in the laboratories. These data were reported as censored values with reporting limits as much as 10 times greater than expected. As such, these data values were removed from the data set.
Comparison of Aggregated Data to Instream Standards
Numeric standards have been set for the Rio Grande Basin including the Alamosa River and its tributaries (Colorado Department of Public Health and Environment, 1998) . Acute and chronic numbers adopted as stream standards are not to be exceeded more than once every 3 years on the average. It is recognized, however, that measured instream parameter values might exceed the standard approximately 15 percent of the time (Colorado Department of Public Health and Environment, 1998). As such, an instream standard is exceeded if the 85th percentile value of the representative concentration data exceeds the instream standard value (P. Hegerman, Colorado Department of Public Health and Environment, oral commun., 2000). With respect to pH in the Alamosa River Basin, exceedance of the standard would require that the 15th percentile value was less than the standard value.
Not all instream standards are set as a single numeric value. In some instances, standards may be established by site-specific adoption of the hardnessdependent equations (Colorado Department of Public Health and Environment, 1995) . This approach utilizes applicable mean hardness values to calculate table value standards (TVS) for metals. In this study, mean hardness values were calculated using available data or estimated values as described in an earlier section.
Comparison of Instantaneous Data to Instream Standards and Toxicological Reference Values
Exceedances of USEPA TRVs are determined by comparing instantaneous data to the TRVs. For the purposes of this report, a decision was made also to compare instantaneous data to CDPHE instream standards. This decision allowed for comparisons of the percent exceedances of the TRVs and instream standards. Exceedances of the instream standards were determined only where applicable standards existed. It is worth noting that the term "exceedance" does not mean that a value is greater than the standard, only that it does not meet the criteria of the standard. In particular, a pH value less than the specified acceptable range is not in compliance; it "exceeds" the standard.
SUMMARY STATISTICS FOR SELECTED TRIBUTARY SITES
Summary statistics for selected water-quality characteristics are shown in table 2. The calculated statistics include the minimum, 25th percentile, median, 75th percentile, 85th percentile, and maximum value. The number of samples collected and the percentage of censored (less than) values also are shown. Multiply censored data accounted for more than 50 percent of the total-recoverable copper and zinc data collected at Group 2 sites. Quantile statistics (25th percentile, median, and 75th percentile) for these data were generated using maximum likelihood estimation methods (MLE) as described in Helsel and Cohn (1988) . If more than 85 percent of the data was reported as censored values, the MLE was not applicable, and only the minimum and maximum values are shown in table 2. Hardness values for Group 2 sites were estimated using regression analysis of data collected in 1998 and 1999.
The water-quality characteristics of tributaries to the Alamosa River can be grouped according to the geologic nature of the basin the tributary drains ( fig. 1 ). Iron Creek, Alum Creek, Bitter Creek, Wightman Fork, Jasper Creek, and Burnt Creek (Group 1 sites) all drain hydrothermally altered areas. Spring Creek, Fern Creek, Castleman Gulch, Silver Creek, Lieutenant Creek, and Ranger Creek (Group 2 sites) all drain unaltered areas. Median values for nearly all measured characteristics at sites draining hydrothermally altered areas were higher than those from sites draining unaltered areas. The range of median values for Group 1 sites was 2.8 to 5.8 s.u. for pH; 172 to 1,560 µ S/cm for specific conductance; 7.6 to 962 µ g/L for total-recoverable copper; 1,560 to 163,000 µ g/L for total-recoverable iron; and 11 to 766 µ g/L of total-recoverable zinc. In contrast, the range of median values for Group 2 sites was 7.2 to 7.8 s.u. for pH; 71 to 115 µ S/cm for specific conductance; and 136 to 516 µ g/L for total-recoverable iron. Totalrecoverable copper and zinc concentrations for Group 2 sites were generally reported as "less than" values. Alkalinity values for Group 1 sites were consistently less than the reporting limit of 5 mg/L whereas alkalinity for Group 2 sites ranged from 26 to 53 mg/L. For Group 1 sites, samples collected during storms invariably had the highest total-recoverable metal concentrations. Generally, a sample for dissolved metal analysis was not collected at these sites during storm events. No storm samples were collected at Group 2 sites.
COMPARISONS TO INSTREAM STANDARDS AND TOXICOLOGICAL REFERENCE VALUES
The CDPHE established instream water-quality standards for stream segments in the Rio Grande Basin, including tributaries to the Alamosa River (Colorado Department of Public Health and Environment, 1998) . Similarly, the draft Tier II Summitville Ecological Risk Assessment has established acute and chronic TRVs for aquatic biota in the Alamosa River Basin (Camp Dresser and McKee Inc., 1999) . Standards were either a numeric standard or a calculated value. The general form of the equation for a calculated standard (STD) was:
where exp is the exponential e, ln is the natural log, hardness is the hardness value, a is the slope of the log transformed data, b
is the adjusted intercept, and m is the conversion factor from total recoverable to dissolved concentrations. The conversion factor, m, was specific to the calculation of TRVs and was not used for CDPHE instream standards (A. Patterson, Camp Dresser and McKee Inc., written commun., 2000) . Mean hardness data were used to determine attainment or nonattainment of Colorado instream standards, as described in a previous section of this report. Instantaneous hardness values were used to determine instantaneous exceedances of TRVs or instream standards. Tributaries in the Alamosa River Basin are classified by the CDPHE according to the beneficial use of the water, and classifications are assigned to specific stream segments. The 12 tributaries addressed in this report are included in either segment 4a, 6, 7, or 20 (table 3) . Applicable instream standards for each analyte of concern differed depending on the stream segment. Attainment or nonattainment of the CDPHE standards were examined for pH, copper, iron, and zinc prior to comparisons using instantaneous data. TRVs (table 4) were applicable to all tributary sites and were compared to instantaneous data.
pH Comparisons
Comparisons of the 15th percentile pH values to instream standards indicated that pH standards were in attainment at all tributary sites except Jasper Creek, where applicable pH instream standards were in effect. The 15th percentile value of 25 pH values taken at Jasper Creek was 5.0 s.u. compared to the instream standard value of 5.5 s.u. (table 3) . Wightman Fork did not have an applicable instream pH standard.
Instantaneous exceedances of pH standards set by the CDPHE were relatively uncommon with the exception of Jasper Creek (table 5) . Instantaneous pH values were less than the designated standard in 35 percent of the Jasper Creek samples. Jasper Creek was the only tributary classified as "Aquatic Life-Coldwater Class 2" (table 3) .
The chronic pH TRV for rainbow trout and the acute and chronic pH TRV for benthic macroinvertebrates were exceeded between 74 and 100 percent of the time at Iron Creek, Alum Creek, Bitter Creek, Wightman Fork, and Burnt Creek (table 5). The acute TRV for rainbow trout also was exceeded from 8 to 1 These surface waters are suitable or intended to become suitable for recreational uses on or about the water included in secondary contact activities such as fishing and other streamside or lakeside recreation.
2 These surface waters are suitable or intended to become suitable for irrigation of crops commonly grown in Colorado and are not hazardous as drinking water for livestock. 3 These are waters that are not capable of sustaining a wide variety of cold-or warm-water biota due to physical habitat, water flows or levels, or uncorrectable water-quality conditions that result in substantial impairment of the abundance and diversity of species. 4 These are waters that currently are capable of sustaining a wide variety of cold-water biota or could sustain such biota but for correctable water-quality conditions. 100 percent of the time at these five sites; Iron Creek (48 percent), Alum Creek (100 percent), and Bitter Creek (72 percent) had the highest percent exceedances. Alum Creek was the only site to exceed all four TRVs all of the time. Including exceedances at Jasper Creek, nearly all the observed exceedances of the TRVs were associated with sites that drain hydrothermally altered areas in the basin ( fig. 1 and table 5 ).
Copper Comparisons
Comparisons of the 85th percentile copper concentrations to acute and chronic instream standards indicated that the standards were in attainment at all tributary sites where applicable copper instream standards were in effect. No applicable instream copper standard was in effect for Iron Creek, Alum Creek, (table 3) . Instream copper standards for Jasper Creek were based on total-recoverable concentrations. Instantaneous exceedances of applicable copper standards set by the CDPHE occurred infrequently. Jasper Creek, Spring Creek, and Castleman Gulch were the only sites where exceedances occurred. No more than 11 percent of the instantaneous concentrations at the three sites exceeded the chronic copper instream standard (table 6) . No instantaneous exceedances of the acute standard were observed.
The chronic copper TRV for rainbow trout and the acute and chronic copper TRV for benthic macroinvertebrates were exceeded between 73 and 100 percent of the time at Iron Creek, Alum Creek, and Wightman Fork (table 6 ). In addition, the acute TRV for rainbow trout was exceeded 31 percent of the time at Iron Creek and 100 percent of the time at Alum Creek and Wightman Fork. Alum Creek and Wightman Fork were the only sites to exceed all four TRVs all of the time. Exceedances of the TRVs for copper were associated only with sites that drain hydrothermally altered areas in the basin ( fig. 1 and  table 6 ). Copper concentrations analyzed from samples collected during rainstorms tended to exceed acute TRVs. Two of the three exceedances of the acute TRV for benthic macroinvertebrates in Jasper Creek were associated with storm runoff events; the acute TRV for rainbow trout was not exceeded during these storm runoff events.
Iron Comparisons
Comparisons of the 85th percentile dissolved iron concentrations to chronic agriculture standards indicated that iron standards were in attainment at all tributary sites where applicable agriculture standards were in effect. Agricultural standards for dissolved iron were in effect at Spring Creek, Fern Creek, Castleman Gulch, Silver Creek, Lieutenant Creek, and Ranger Creek (table 3) . Aquatic-life standards, however, were based on total-recoverable iron concentrations (table 3) . Chronic aquatic-life standards were not attained in Jasper Creek, Spring Creek, and Fern Creek (table 7) . The 85th percentile concentration for Jasper Creek exceeded the standard of 3,400 µg/L by nearly 1,700 µg/L. Spring Creek and Fern Creek exceeded the standard of 1,000 µg/L by 110 and 320 µg/L, respectively. No applicable instream Creek, Bitter Creek, Wightman Fork, and Burnt Creek (table 3) . Instantaneous exceedances of applicable iron standards set by the CDPHE occurred infrequently. Jasper Creek, Spring Creek, and Fern Creek were the only sites where exceedances occurred. Instantaneous concentrations measured at the three sites exceeded the chronic aquatic-life standard 17 to 29 percent of time (table 7) . No instantaneous exceedances of the agriculture standard were observed.
The acute and chronic TRVs for rainbow trout and benthic macroinvertebrates were exceeded 75 percent or more of the time at Iron Creek, Alum Creek, Bitter Creek, and Wightman Fork (table 7) . In addition, the acute and chronic TRVs for rainbow trout were exceeded 88 percent of the time at Burnt Creek. Alum Creek and Bitter Creek were the only sites to exceed all four TRVs all of the time.
Zinc Comparisons
Comparisons of the 85th percentile zinc concentrations to acute and chronic instream standards indi-cated that the standards were in attainment at all tributary sites where applicable zinc instream standards were in effect. No applicable instream zinc standard was in effect for Iron Creek, Alum Creek, Bitter Creek, Wightman Fork, and Burnt Creek (table 3) . Instream zinc standards for Jasper Creek were based on total-recoverable concentrations.
Instantaneous exceedances of applicable zinc standards set by the CDPHE occurred only once at any tributary site. The chronic standard set for Jasper Creek (170 µg/L as total recoverable) was exceeded in a storm sample collected in August 1995; no acute standard is applicable at this site. No instantaneous exceedances of the acute standard were observed at any of the other sites.
The chronic zinc TRV for benthic macroinvertebrates was exceeded 50 percent or more of the time at Iron Creek, Alum Creek, Bitter Creek, Wightman Fork, and Burnt Creek (table 8) . Wightman Fork was the only site to exceed all four TRVs. Acute rainbow trout TRVs were exceeded 34 percent of the time at Wightman Fork. Exceedances of the TRVs for zinc were generally associated with sites that drain hydrothermally altered areas ( fig. 1 and table 8 ). 
SUMMARY
The U.S. Geological Survey collected waterquality data from 1995 through 1997 at 12 tributary sites to the Alamosa River. These data were used to address the data gaps identified in the initial ecological risk assessment of the Summitville Superfund site. Selected data were summarized to provide a general overview of the water quality of the tributaries. Tributaries to the Alamosa River can be grouped according to the geology of the basin the tributaries drain. Tributaries draining hydrothermally altered areas generally had higher median values than tributaries draining unaltered areas. In addition, samples collected during storms invariably had the highest total-recoverable metal concentrations.
Copper, iron, zinc, and pH data were compared to Colorado instream water-quality standards to determine if attainment of the standards had been met. Instantaneous data comparisons also were made to U.S. Environmental Protection Agency toxicological reference values (TRV) and Colorado instream standards. Instantaneous comparisons provided a means to determine the frequency at which a standard or TRV was exceeded.
Instream pH standards were in attainment at all tributary sites except Jasper Creek. Most instantaneous exceedances were associated with Jasper Creek. Chronic TRVs for rainbow trout, and acute and chronic TRVs for benthic macroinvertebrates were exceeded more than 70 percent of the time at Iron Creek, Alum Creek, Bitter Creek, Wightman Fork, and Burnt Creek. The acute TRV for rainbow trout was exceeded from 8 to 100 percent of the time at these five sites.
Acute and chronic instream copper standards were in attainment at all tributary sites where applicable copper standards were in effect. Instantaneous exceedances of applicable instream standards occurred infrequently. Chronic TRVs for rainbow trout and acute and chronic TRVs for benthic macroinvertebrates were exceeded more than 70 percent of the time at Iron Creek, Alum Creek, and Wightman Fork. In addition, the acute TRV for rainbow trout was exceeded 31 percent of the time at Iron Creek and 100 percent of the time at Alum Creek and Wightman Fork.
Chronic agriculture standards for iron were in attainment at all tributary sites where applicable agri- culture standards were in effect. Chronic aquatic-life standards for iron, however, were not attained at Jasper Creek, Spring Creek, and Fern Creek; instantaneous exceedances only occurred at these three sites. Acute and chronic TRVs for rainbow trout and benthic macroinvertebrates were exceeded 75 percent or more of the time at Iron Creek, Alum Creek, Bitter Creek, and Wightman Fork. In addition, the acute and chronic TRV for rainbow trout was exceeded 88 percent of the time at Burnt Creek. Instream zinc standards were in attainment at all tributary sites where applicable zinc instream standards were in effect. Instantaneous exceedances of applicable zinc standards occurred only once at any tributary site (Jasper Creek). The chronic TRV for benthic macroinvertebrates was exceeded 50 percent or more of the time at Iron Creek, Alum Creek, Bitter Creek, Wightman Fork, and Burnt Creek. 
